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= “SLR network origin to geocenter” vector
= Variations due to mass redistribution

= SLR monitoring of geocenter variations

= Examples of SLR results” application

* Summary and Conclusions

We gratefully acknowledge the support of the ILRS and their network
for making their SLR tracking data available to us for this work, as well
as the GRACE Mission Project for the release of GSM products.
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//\ Secular Geophysical Signals
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Source Magnitude Induced motion Ref.
Sea level 1.2mm/y 0.064 £0.02 mm/y 2
Ice sheets (G) 2mm/y 0.046+0.20 mm/y 2
Tectonics AMO-2 0.309+£0.05 mm/y 2
Postglacial ICE-3G 0.2-0.5 mm/y 1

(1) : Marianne Greff-Lefftz (2000)
(2) : Yu. Barkin (1997)

@GODDARD SPACE FLIGHT CENTER UMBC | M \
’ 4 N\

16th International Laser Ranging Workshop, Poznan, Poland 13-17 October, 2008




SV
AN

Monument Peak @>
e ?h @

e

@ FernandoD ;

Ce

e

AMetsahovl

% \ AF‘“’ endeleevo / &
? lV@ hchh‘up
g c_ng %....
' Helwan‘ ] Kunmlnivuh k ‘faﬂe'g“a‘:lal::l =

“\ @@ )

The ILRS Network

/.. NORTH SITES:16

)
=5
Concepcio
South Hemisphere: @ D

A’I‘ahiti

;_

@GODDARD SPACE FLIGHT CENTER

~ 135° gap in longitude!

o VB 2

@aneueeam@

4 -
’ - -
- 4 n e w ,,\‘

n

=

SOUTH SITES: 6 (7)

16th International Laser Ranging Workshop, Poznan, Poland 13-17 October, 2008

@Stro
é',

UMBC W ‘,




: 1'-'.'-'.'.'4
............

Imemmional laser Ranging Service

Angermann & Miiller, 2007

‘f
°

LAGEOS 1 & 2 SIR network stations. The bars show the number of
observed normal points from 1993 until 2007.
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AY [mm] AX [mm]

AZ [mm]

Geocenter from SLR to LAGEOS

Annual term amplitudé: 20 mm

Annual term amplitude: 1.1 mm -

| Annual term amplitude: 6.2 mm
‘ | s - o :
1992 1994 1996 1998 2000 2002 2004 2006 2008
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~ 1 inch

Geocenter with respect to
ITRF2000 with secular
rates removed, raw (green)
and 30-day smoothed (red)
values [SSC(JCET) 06 L25].

o
/7 rwu\

%)

UMB(.; (



i Subset Solutions for an SLR TRF
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Al the data

“ODD” Weeks
—?i “EVEN” Weeks

» 1st “every 3rd”

2nd “every 3rd”

3rd “every 3rd”

1/3 of data set

2002 - 2006
1999 - 2002

2001 - 2006

1/4 of data set
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Case \ AX 0O ax AY Oy AZ O 47

3 0dd -8.37 +10.91 19.25 +£10.78 -4.20 +£10.32

4Even ................ 1252 ....... i 893 ..................... 5 15 ....... i882 .......... 1250 ....... i 844 ..................................................................
1 1/2 -41.20 £35.82 6.26 £35.38 -10.10 +£33.86

2 ....................................... 174 ....... i676 806 ....... i668 ................ 7 28 ....... i639 ..................................................................

15 ..... 1 /4 .............. 6049 ....... i2368 ................. 5 743 ....... 12339 ................ 7 48 ....... i 2239 ..................................................................

16 ................................. 1 865 ....... i 3140 5781 ....... mss 619 ....... i 2950 ..................................................................

17 ................................. 027 ....... i 1801 474 ....... :1:1779 ............. 1572 ...... i 1703 ..................................................................

18 .................................... 2 07 ....... i 1229 .................... 7 16 ....... 11218 ................ 173 ....... i 1160 ..................................................................

umc; ()



_~——"~. AC Performance (2006)

International Laser Ranging Service

Table 1. Scatter of similarity transformation parameters w.r.t.
ITRF2000 for successive weekly ILRS solutions for 2006 (offsets
1In mm, scale in ppb).

Tx Ty Tz Scale

Individual ASI 3.8 3.1 8.5 1.2
BKG 4.0 1.6 2.4 0.6

DGFI 4.7 3.9 9.0 0.8

GFZ 4.2 2.7 6.9 0.9

JCET 3.0 2.2 Sl 0.9

NSGF 6.1 7.3 12.0 1.4

Combination ILRS-A 2.8 2.2 6.5 0.5

@GODDARD SPACE FLIGHT CENTER UMBC ',
10

16th International Laser Ranging Workshop, Poznan, Poland 13-17 October, 2008



S
...............
........

_—~ Our Future Goals
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* Future networks should deliver consistently and

reliably:

<1 mm epoch position, and

< 0.1 mm/y secular change
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~—— ~Why 1 mm /0.1 mm/y?

International Laser Ranging Service

Sea Height Variation (mm)

ITRF2005: 3.3 +/- 0.07 mml/yr

0" MSL Rates (mm/yr)

40 ~ 1993-2007 =3.33+ 0.07 (MOG2D)
=336+ 0.10 (NoIB)

First 7 years =2.75 £0.21 (MOG2D)
=253 023 (NolIB) ;

Last 7 years =3.76+ 0.14 (MOG2D)
=399 +0.25 (No IB)
-20

1993 1995 1997 1999 2001 2003 2005 2007 :

Year

Beckley et al. (2007), GRL, Fig 4
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For every 1 mm/y Z-trend in
the TRF origin, sea-level rates
are affected by ~ 0.2 mml/y

Lemoine et al. (2008),
EGU2008-A-11368

Effect of 1-mm/year trend in CoM-Z on Jason SLR/DORIS orbit

+ mean radial sampled over water
15 — CoM-Z 1-mml/year trend

—— Linear (mean radial sampled over water)

05 /
0 radial =-0.17 mm/yr
>
0.5

2002.5 2003 2003.5 2004 2004.5 2005 2005.5
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Geocenter Monitorin

g(Z)

AZ Secular + Biennial + Annual + Semi-annual
Value Error
mi 0.91063 0.38014
T =T + T "*(t-2000) m2 1.6981 0.10128
zc zc2000 zc m3 -4.9414 0.53443
60 | m4 -4.791 0.53235
2¢2000 0.9 ms -6.052 0.53328
mé 11947 0.53151
T 1.7259 m7 2.7918 0.5355
40 - i ms8 0.40715 0.53175
e R 0.4776 Chisq 63378 NA
- R 0.69271 NA
£,
i : < 3
S e e AL LA
% i\ i L N ‘t; 3 i ; 'i"“ "\
o : 1 : f‘\ : i “‘ ATV L g )
= 0O i It J '1 i ' ¥ . ' Y ' ¥ § , -
(; ‘ A 1‘ v 1"1‘ ¥ . i ' \! \ g S ! :
T ars !\‘? e | | "
'ocls -20 -
@ 4
N ICE5G + Greenland &
< a0 ] Antarctica melting rates:
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Radial orbit Differences
GSFC(SLR+DORIS) - JPL(GPS)
"WITHOUT Geocenter correction

Jason Radial Diff. (c1-135); Trend GSFC sir+doris (tvg ncom) - JPL gps (6b)

= & —
| . - | mmyr

830 -24 -18 -2 -06 -00 0.6 1.2 1.8 2.4 3.0

Radial orbit Differences
GSFC(SLR+DORIS) - JPL(GPS)

WITH Geocenter Correctlon 30 24 -18 42 -06 -00 06 12 18 24 30 f
S.B. Luthcke et al. NASA GSFC, Code 698 =
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Jason Radial Diff. (Jan.02-Jan.05); Trend itrf2005poe.tvg - jpl_gps6b

Radial orbit Differences
GSFC(SLR+DORIS) - JPL(GPS)
Using ITRF2005 (no correction)

Jason Radial Diff. (c1-135); Trend GSFC sir+doris (tvg ncom) - JPL gps (6b)

Radial orbit Differences
GSFC(SLR+DORIS) - JPL(GPS)

WITH Geocenter Correctlon 30 24 -8 -12 06 -00 06 12 18 24 30
S.B. Luthcke et al. NASA GSFC, Code 698 -
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* Tracking-network origin definition varies from week to week due to
geophysical fluid redistribution in Earth system

* ILRS monitors this at the “few mm” level including linear rates

* SLR network non-uniformity and data yield result in variable
quality of the above results over the past decade

* Future requirement of definition at epoch at < 1mm and rates of <
0.1lmm/y are dictated by MSL change studies

* Application of SLR monitoring of “geocenter” WRT previous ITRF
(2000) in altimetry data reductions produces MSL results
qualitatively equivalent to those derived from the new ITRF (2005),
demonstrating SLR’s ability to accurately monitor these variations
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